Abstract. Nonalcoholic fatty liver disease (NAFLD) is the most prevalent liver disease worldwide, the morbidity of which closely correlates with diversity of ethnicity, minority, family and location. Its histology spans from simple steatosis, to nonalcoholic steatohepatitis, which ultimately results in fibrosis, cirrhosis and hepatocellular carcinoma. The accelerating prevalence of NAFLD is due to an incremental incidence of metabolic syndrome that is distinguished by dyslipidemia, glucose impairment, obesity, excessive oxidative stress and adipocytokine impairment. Additionally, the pathogenesis of NAFLD is thought to be a multifactorial and complicated disease associated with lifestyle habits, nutritional factors and genetics. However, the pathogenesis and underlying mechanism in the development of NAFLD caused by genetics remains unclear. People have been increasingly emphasizing on the relationship between NAFLD and gene polymorphisms in recent years, with the aim of having a comprehensive elucidation of associated gene polymorphisms influencing the pathogenesis of the disease. In the current article, the authors attempted to critically summarize the most recently identified gene polymorphisms from the facets of glucose metabolism, fatty acid metabolism, oxidative stress and related cytokines in NAFLD that contribute to promoting the progression of the disease.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is defined as a clinicopathological syndrome with the primary characteristic being hepatocellular macrovesicular steatosis, where pathology and other explicit factors give rise to hepatic injury, ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), which has the potential to develop into cirrhosis, hepatocellular carcinoma (HCC) and end-stage liver disease (1) . NAFLD is proven to be related to obesity, type 2 diabetes (T2DM), insulin resistance (IR), hyperlipidemia and gender. The onset and persistence of steatohepatitis results from the early predisposing factors of accumulating visceral adiposity and free fatty acids (FFAs). According to the 'two hit hypothesis' (2), the degree of obesity and presence of IR being the first hit promote the accumulation of fatty acids in
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liver, and increase the susceptibility of hepatic injury caused by the second hit. Active factors of the 'two hit hypothesis', for instance, inflammation, dysfunction of Kupffer cells, oxidative stress, mitochondrial dysfunction and a regulative disorder of adipocytokines, lead to a greater risk of serious liver disease. The primary factor in causing NAFLD is the presence of IR that is associated with overexpression of hypoadiponectinemia, hyperleptinemia and cytokines, all of which can intensify IR and promote the accumulation of fatty acids in liver. Excessive FFAs in hepatocytes are said to induce the occurrence of oxidative stress, and the release of inflammatory factors and adipogenesis-related factors result in the formation of necroinflammation, hepatofibrogenesis and cirrhosis. Currently, NAFLD is gradually becoming more prevalent and affects ~20-30% of the general population worldwide. Most estimates indicate that 70% obese patients may have hepatic steatosis, among which, the risk of developing NASH accounts for 20%, and patients with NASH that progresses to cirrhosis is estimated to be ~20-25% (3) . NASH is now accepted as the major underlying cause of cryptogenic cirrhosis, which suggests that genetic factors are involved in the development of NAFLD. As of yet, the genetic mechanism of NAFLD is not able to be comprehensively and thoroughly understood, but research on genetic variation influencing IR, lipid metabolism and oxidative stress are important issues of scientific interest to improve patients' management. The aims of the present review is to concentrate on the available knowledge of gene polymorphisms implicated in the development of NAFLD induced by a disorder in glucose metabolism and fatty acid metabolism, oxidative stress and related cytokines.
Pathogeneisis
The molecular events lead to the occurrence of intrahepatic lipid accumulation followed by increased FFAs in the liver, reduced fatty acid oxidation, or elevated de novo synthesis of triglycerides (TG), whereby the very low-density lipoprotein (VLDL) synthetic rate is unable to keep up. FFAs derive from dietary fatty acids and lipolysis takes place in the peripheral, especially visceral, subcutaneous adipose tissue. Hepatic glucose and FFA uptake occurs via an insulin-independent manner. Insulin serves a crucial role in the pathogenesis of NAFLD by upregulating colony-stimulating factor expression. Almost all patients with NAFLD suffer from hepatic IR with a failure to suppress lipolysis as a result from a deficiency of sensitivity to insulin in adipose tissue. IR leads to lipid storage in hepatocytes for two major routes: One is hyperlipidemia and the other is hyperinsulinemia. The storage and release of FFAs from adipose tissue is mediated by hormones and cytokines, such as estrogen, cortisol, growth hormone, glucagon, insulin and insulin-like growing factor, which augment levels of fatty acids through altering energy metabolism in turn to enhance FFA uptake and synthesis in liver, ultimately resulting in lipid accumulation. FFA is an amphipathic molecule with high toxicity, and the reinforcement of peroxidation engendered by unsaturated fatty acids finally impairs hepatocytes. Lipid peroxidation free radicals and end-products like malondialdehyde are able to bring about abnormal fluidity and permeability of cell membrane, causing cell dysfunction, apoptosis or death. Excess FFAs conduce to hepatotoxicity in NAFLD/NASH, since FFA oxidation in hepatic mitochondria leads to oxidative stress. Following this, elevated levels of peroxides and free radicals, as a consequence of fatty acid oxidation, causes oxidative damage, endoplasmic reticulum stress and apoptosis (4) . Once the absorption of FFAs increases, this is followed by a compensatory increase in mitochondrial β-oxidation, which will further enhance the generation of reactive oxygen species (ROS) that can tightly bind to membrane phospholipids to block the respiratory chain of electron transfer in mitochondria (5) . Another location where ROS is generated is in microsomes. FFA is the inductive agent of P450-2E1, which occupies an important position in the cascade of ROS and lipid peroxidation generation (6) . In microsomes, FFAs are easily oxidized and degraded into acyl-CoA. As the ligand combines with some enzymes of the fatty acid oxidation system in the liver, acyl-CoA controls gene-induction and promoting the synthesis of unwinding protein, which could prevent hepatocyte apoptosis. Patients carrying variant alleles of acyl-CoA dehydrogenases may result in the progression of steatohepatitis, because of aberrant fatty acid oxidation (7) . In addition, the following undoubtedly contribute to lipid storage within the liver (5, (8) (9) (10) : Insufficient synthesis and inhibition of apolipoproteins; Inhibition of newly synthesized VLDL transportation from the endoplasmic reticulum to the Golgi complex; Dysfunction of the Golgi-endoplasmic reticulum-lysosome complex; Reduction of saccharification or secretory vesicles of newly synthesized VLDL; Interference with exocytosis of newly synthesized VLDL as a result from malfunction of secretory vesicles migrating to hepatocyte serosa; Chronic hunger, poor digestion and absorption, low protein diet leading to the deficiency of 'anti-fatty liver factors' (including methionine, choline and phosphatidylcholine), bringing about insufficient synthesis of apolipoproteins, in particular apoB and VLDL. It has been demonstrated that lipid metabolism disturbance is regulated insufficiently by vital transcription factors that are indispensable for lipogenesis, such as the activation of AMP-activated protein kinase (AMPK), Jun N-terminal kinase (JNK), protein kinase C and nuclear factor (NF)-κB (11) . Other adipokines, such as resistin and leptin also serve as prospectively latent markers of NAFLD. These events cooperatively promote the susceptibility to NAFLD and its progression (Fig. 1) .
Gene polymorphisms in mediators of glucose metabolism
IR and aberration of glucose metabolism are a central part of the onset and development of NAFLD. The formation of IR in the liver is caused by some factors that do the same to the progression of NAFLD/NASH, and will be discussed below.
Insulin receptor substrate (IRS) and ectoenzyme nucleotide pyrophosphatase phosphodiesterase 1 (ENPP1).
Among the genes concerned with regulating IR, IRS-1 and ENPP1 directly interact with insulin receptor (INSR) signaling. Mechanically, insulin binds to the INSR with a high affinity for hepatocytes, resulting in INSR phosphorylation. The activation of IRS-1 and the downstream kinase AKT phosphorylates the transcription factor FOXO1 in turn to decrease glucose production and cell apoptosis. FOXO1 expression is observed to be increased and resistant to the inhibition of hyperinsulinemia in patients with NASH. ENPP1 is a membrane glycoprotein, and overexpression of ENPP1 induces the occurrence of IR and the disturbance of glucose metabolism (12) . IR, as determined by the Lys121Gln single nucleotide polymorphism (SNP), is seen to function through different mechanisms, for instance, the alteration of appetite controlled by hypothalamus, and the reduced levels of high-density lipoprotein (HDL) (13) . The IRS protein functions as a regulator in the insulin-like growth factor-1-activated signaling. The Gly972Arg SNP, as previously reported, is also associated with IR, which brings about more serious liver fibrosis and progression of NAFLD (14) . Presumably, NAFLD patients carrying both ENPP1 and IRS-1 SNPs possess higher possibility of fibrogenesis than those with unitary ENPP1 or IRS-1 SNP (13, 14) . Thereby, the coincident presence of ENPP1 and IRS-1 SNPs in NAFLD patients synergistically triggers hepatic injury.
Adiponectin. Adiponectin is a specific plasma protein derived from brown adipose tissue that serves a crucial role in regulating glucose homeostasis. In liver tissue, adiponectin plays a part in reducing the generation of glucose and FFAs, the concentration of which circulating in plasma negatively associates with TG, and is downregulated in obese populations. In addition, adiponectin has capable of exerting insulin sensitivity effects and acts as an anti-inflammatory molecule. However, inflammation is able to impede the release of adiponectin, thus adipose tissue inflammation is taken for one of the prime mechanisms involved in decreasing plasma levels of adiponectin in obesity (15) . Adiponectin predominantly activates AMPK and peroxisome proliferator-activated receptor (PPAR)-γ to improve insulin sensitivity, reduce the synthesis of fatty acids and enhance fatty acids oxidation for combating steatosis. Therefore, the levels of adiponectin attribute to the development of NAFLD/NASH, and the adiponectin gene has the ability of modulating individual differences. In a Japanese with the ability to impair hepatocytes triggering necroinflammation and mitochondrial dysfunction. Some FFAs in the liver are converted into TAG and then exported out of liver in the form of VLDL, others are oxidized in hepatic mitochondria, generating a mass of ROS. Additionally, iron overload generating hydroxyl radicals through the Fenton reaction also contributes to oxidative stress. ROS can cause oxidative damage, endoplasmic reticulum stress and apoptosis leading to necroinflammation via IKK-β activation, NF-κB activation and Kupffer cell activation pathways. Subsequently, the release of inflammatory cytokines, like TNF-α and IL-6, which give rise to hepatofibrogenesis, and finally progress to cirrhosis and HCC. Therefore, molecular mediators involved in glucose metabolism, fatty acid metabolism and oxidative stress may contribute to the progression of NAFLD. NAFLD, nonalcoholic fatty liver disease; FFAs, free fatty acids; IR, insulin resistance; CM, chylomicron; T2DM, type 2 diabetes; SREBP-1c, sterol regulatory element binding protein-1c; ChREBP, carbohydrate-responsive element-binding protein; TAG, triacylglycerol; VLDL, very low-density lipoprotein; ROS, reactive oxygen species; IKK-β, IkB kinase-β; NF-κB, nuclear factor-κB; HCC, hepatocellular carcinoma; PPAR, peroxisome proliferator-activated receptor; ApoB, apolipoprotein B; TG, triglyceride; ECM, extracellular matrix; TNF-α, tumor necrosis factor-α; LXR, liver X receptor; HSL, hormone-sensitive lipase.
population, adiponectin gene variants, +45GT and +276GT locus of alleles were correlated to the risk of NAFLD. The frequency of the +45GG genotype was significantly more pervasive among NAFLD females, whose hepatofibrosis were more serious than that in control group (16) . However, no association was observed between NAFLD and the genetic polymorphism of adiponectin at positions 11391, -11377, +45 and +276 in a Chinese population. Nonetheless, subjects carrying -11377 and +45 SNPs were associated with higher TG levels, body mass index (BMI) and lower plasma adiponectin levels (17) . Another study suggested that +45TG and +276GT genetic variations were closely related to the predisposition to NAFLD in Chinese and Indian populations (18) . The adiponectin rs266729 (-11377G/C) polymorphism may be a candidate gene associated with the susceptibility to NAFLD in a southeast Iranian population, but has not yet been confirmed in other ethnicities (19) . Collectively, adiponectin gene polymorphisms have an intimate association with BMI, blood lipid levels, T2DM, obesity and hyperlipemia, which add to the risk of NAFLD.
Resistin. Resistin is a hormone secreted by fat cells, and is regarded as the link of adiposity to diabetes. The major target of resistin is the liver in vivo, and reduced or increased resistin levels respectively gives rise to improvement or worsening of hepatic IR through interfering with glycometabolism (20) . The reduction of hepatic glucose in the absence of resistin is integral to the activation of the AMPK pathway. It was demonstrated that hepatic steatosis and VLDL secretion were decreased in resistin-deficient mice treated with high-fat diet, which suggested a function of resistin on steatosis induced (21) . Resistin suppresses the effect of insulin on glucose absorption and glucose tolerance impairment, which was regulated by CCAAT/enhancer binding protein α and PPAR-γ in the phosphatidyl inositol 3-kinase and mitogen-activated protein kinase pathways (22) . Therefore, SNPs may influence resistin gene expression. For adult women, the -420C/G SNP of the resistin gene was related with abdominal obesity and metabolic risk factors; this polymorphism in the promoter region captures only a small part of the total genetic contribution to the variation of circulating resistin (23) . Another genotype of the resistin +229AA polymorphism was confirmed to be associated with higher risk of obesity and NAFLD incidence in T2DM patients (24) . This evidence is consistent with the research in obese Egyptian patients (25) . However, how resistin gene polymorphisms influence the signaling pathway mechanism of NAFLD has not been figured out clearly yet. Obviously, resistin as a proinflammatory factor is involved in the inflammatory cascade reaction and triggering 'the second hit'.
Leptin and leptin receptor (LepRb).
Leptin is protein-related product encoded by an obesity gene and is involved in the modulation of body fat, insulin signaling and the immune system. Leptin acts through leptin receptors (LepRb), a member of the class-1 cytokine receptor family, originally demonstrated in hypothalamic neurons, to control satiety and maintain the body's constant energy balance. Leptin is a contributing factor of elevating intracellular fatty acids via promoting IR and altering insulin signaling in hepatocytes for hepatic steatosis.
At a later stage, hepatic steatosis caused by leptin acting on proinflammatory response amplification evolves into steatohepatitis. However, both roles of leptin and LepRb in NAFLD are not completely clear. The LepRb gene polymorphism in humans has been reported to be in association with IR, T2DM, obesity and lipid metabolism, as well as the distribution of local body mass. The LepRb SNP (rs6700896) increased the risk for NAFLD as well as T2DM in an Egyptian population, and this enhanced leptin level was accompanied by a decrease of LepRb concentration (26) . Furthermore, by mediating lipid metabolism and insulin sensitivity, the LepRb G2057A SNP is conducive to the onset of NAFLD (27) . However, the LepRb Arg233Gln polymorphism has been indicated in relation to lower cholesterol, low-density lipoprotein (LDL) levels and fibrosis score in NAFLD (28) . Patients carrying the SNPs of LepRb (rs1137100) with patatin-like phospholipase domain containing 3 (rs738409) have ~three-fold risk of suffering from NAFLD than those carrying either SNP, both genes are correlatively upregulated in the absence of excess lipids (28) . Leptin inhibits steatosis via downregulating stearoyl-CoA desaturase-1 and sterol regulatory element binding protein (SREBP) 1c. Gene polymorphisms that code leptin or regulate leptin secretion and tissue sensitivity proteins may be potential genes in the development of NAFLD.
Gene polymorphisms in mediators of lipid metabolism
The increased release of FFAs is closely relevant to the onset and development of NAFLD. Lipotoxicity have an impact on insulin signaling cascade, and then results in the accumulation of lipids, ultimately leading up to the unbalance of gene-mediated lipid metabolism.
Uncoupling protein 3 (UPC3).
UPC3 is a family of mitochondrial transporters known for uncoupling oxidative phosphorylation via proton leakage from the inner mitochondrial membrane, with primarily selective expression in skeletal muscle, as well as brown adipose tissue, and is implicated in modulating thermoregulation and energy metabolism (29) . Thereby, the expression of UPC3 mRNA undeniably has a bearing on an increase in metabolic rate and a lower BMI. A number of polymorphisms have been identified in the UPC3 gene. Particularly, the -55C/T polymorphism is responsible for UPC3 mRNA levels, T2DM and weight gain (29) . In obese Indonesian children, subjects with T/T genotypes of UPC3 were demonstrated to present a lower total energy expenditure than those with other genotypes (30) . The level of serum LDL-cholesterol at baseline was substantiated in relation to the rs3781907, rs1726745, rs11235972 and rs1800849 variants of the UCP3 gene. Xu et al (31) demonstrated that the rs11235972GG genotype appears at a higher frequency in NAFLD, but no increased risk associating the rs1800849 variant with the development of NAFLD was confirmed. However, this remains controversial with respect to the impact of these polymorphisms on NAFLD susceptibility. Further additional larger studies should also be conducted concerned with allowing stratification for ethnicity and gene-gene interactions in order to distinctly elucidate the possible roles of UCP3 polymorphisms in NAFLD.
Microsomal triglyceride transfer protein (MTTP)
. MTTP, as a pivotal enzyme involved in the incorporation of TG into VLDL for lipid export out of the liver, is localized to the endoplasmic reticulum of hepatocytes and enterocytes. The human MTTP gene is located on chromosome 4q24 and made up of 18 exons and 17 introns (32) . Low hepatic expression of MTTP induced by MTTP gene polymorphisms may be related to the pathogenesis of NAFLD. Functional polymorphisms of the MTTP gene (promoter -493G/T, -164 T/C and Ile128Thr) are involved in lower LDL levels and are protected against other traits of metabolic syndrome, some studies indicated (33, 34) . Among these, lower transcription of MTTP was exhibited in a common SNP at position -493G/T, which predisposed to NASH by modulating lipoprotein metabolism (35) . The MTTP-493G>T resulting from a G>T substitution in the intron region of NM_000253.2, which may reduce the expression of MTTP and lead to an inadequate formation of VLDL and chylomicron, resulting in the dysregulation of hepatic lipid metabolism. In a study involving women treated with a western type diet, higher fasting levels for plasma cholesterol (but not synthesis) and high-absorption status were demonstrated in TT homozygote women compared with G carriers (36) . The presence of the G allele of MTTP -493G/T has an association with lower hepatic MTTP expression, which protects against steatosis in chronic hepatitis (37) . Now, it is universally acknowledged that the MTTP -493G>T polymorphism is correlated with the risk of NAFLD. Thus, the MTTP -493G>T polymorphism in the future may be used as a valuable and practical biomarker for early diagnosis of NAFLD.
PPAR-α and PPAR-γ signaling. PPAR-α belongs to the nuclear hormone receptor superfamily and acts as a primary regulatory role on lipid metabolism. PPAR-α is able to activate fatty acid oxidation and lipid hydrolysis, as well normalize glucose and insulin levels to prevent hepatic lipid accumulation (38) . Downregulation of PPAR-α is involved in NASH pathogenesis by lessening FFA catabolism (39) . PPAR-α-agonist fibrates and fenofibrates are used to improve dyslipidemia and insulin sensitivity in patients. The state of PPAR-α deficiency is involved in the steatohepatitis pathogenesis. Several studies have demonstrated a correlation between the Val227Ala of PPAR-α and low serum lipids (40, 41) . It may have a protective role against the development of obesity and be implicated in the pathogenesis of NAFLD. The carriers of the Leu162Val SNP, which develops IR by attenuating oxidative stress, had a association with decreased hepatic lipolysis, dyslipidemia and T2DM, but not with liver damage in NAFLD (41) .
PPAR-γ, as another transcription factor, also belongs to the nuclear hormone receptor superfamily, and is primarily known to mediate adipocyte differentiation. A number of genetic variants at several nucleotide loci of the PPAR-γ gene bring about conformational changes in protein structures and gene location. For disparate ethnic groups, a missense Pro12Ala substation in the PPARγ2 gene (rs1801282) was demonstrated to have a bearing on higher NAFLD risk, but was neither associated with liver damage, nor insulin sensitivity (42) . The decreasing DNA-binding affinity caused by rs1801282 variant weakens transcriptional activation that reduces PPAR-γ activity and activates lipogenic enzymes, resulting in the exacerbation of disease (38, 42) . Nevertheless, the association between rs1801282 variants and NAFLD risk was thrown into doubt in a meta-analysis study (43) . In a middle-aged and older Chinese population, smokers with the C/C genotype of the PPARγ2 gene polymorphism synergistically demonstrated a 3.75-fold higher risk of NAFLD than non-smokers with the C/G genotype by aggravating oxidative stress (44) . Another evidence indicated that a higher susceptibility to NAFLD was associated with G/G genotype at rs10865710 loci, whereas no influence of rs7649970 (45). Gawrieh et al (46) first provided the evidence that populations were at risk-reduction for NAFLD with a haplotype containing both minor alleles of Pro12Ala and C1431T that histological features manifested as lobular inflammation and fibrosis, which were associated with NASH. It may be a promising for subjects with NASH carrying this haplotype for treating with PPARG agonists.
Notwithstanding genetic variants of PPARα/β may influence disease progression of these studies make recommendations, the implications of these SNPs on the risk of NAFLD remain ill-defined, and further elucidation is required for the functional role of these two PPAR genes on mechanism of NAFLD pathogenesis.
SREBPs and SREBP cleavage activating protein (SCAP).
SREBP serves a modulatory role in lipid metabolism. Three informs of SREBP has been identified that contain SREBP-1a, SREBP-1c and SREBP-2 in the human SREBP family, which are correlated with lipogenesis, cholesterol homeostasis and adipocyte development (47) . SREBP-1a is capable of activating the genes relating to fatty acid and cholesterol synthesis. Compared with SREBP-1a, the SREBP-1c is a weaker transcriptional activator, the expression of SREBP-1c is negatively related to tumor necrosis factor (TNF)-α and IL-1β secretion that is involved in liver fibrosis progression. In response to oxidative stress, the activation of AMPK pathway inhibits de novo lipogenesis via restraining the transcriptional activity of SREBP-1c (48) . Evidently, the development of NASH may be associatively dependent on the downregulation of SREBP-1c. Both SREBP-1a and SREBP-1c originate from a single gene referred to as SREBF-1. Other than SREBF-1 acting on fatty acid synthesis, TG synthesis and phospholipid synthesis, the activation of the SREBP-2 gene directly functions on maintaining cholesterol homeostasis. Recently, a potential biomarker for predicting the development of NAFLD in a Han Chinese population was recommended by determining the genotypes of the SREBP-2 rs2228314 G>C polymorphism, the variant gene was indicated to carry a risk of NAFLD (49) . SCAP is implicated in delivering SREBPs from the endoplasmic reticulum to the Golgi complex. The activation of SREBPs is subsequently translocated into the nucleus to stimulate the expression of target genes for synthesis. In liver-specific SCAP knockout mice, the synthesis rate of fatty acids in liver was decreased by 70-80% as a result of the significant reduction of expression levels of SREBP-1, SREBP-2 and SREBP target genes. Interestingly, the SCAP rs2101247 A allele (AA and GA genotypes) suffered from the risk of NAFLD may decrease, which has been reported in a female metabolic syndrome population (50) , but it is unclear how, and the potential mechanisms, for how the gender-specific distribution in genetic susceptibility to NAFLD development are caused by particular genotypes.
Gene polymorphisms in mediators of oxidative stress
The occurrence of oxidative stress induced by hepatonecrosis, inflammation and fibrosis, may be a factor of 'the second hit hypothesis' in the onset and development of NAFLD. Excessive oxidative stress derives from mitochondrial dysfunction and iron overload. The unceasingly increased ROS, and the product of oxidative stress, results in the rapid depletion of ATP, DNA injury, instability of protein and release of inflammatory factors, sequentially break cellular completeness of structure and function, which promotes the development of NAFLD (6, 10) .
Manganese superoxide dismutase (MnSOD).
MnSOD is nuclear encoded mitochondrial protein for scavenging ROS. The MnSOD activity protects against ROS by detoxifying superoxides into oxygen and hydrogen peroxide, the impairment of which contributes to the higher oxidative stress for NAFLD. In a Japanese population with NASH, a common variant of the MnSOD gene 1183T/T results in an amino acid substitution in the signaling sequence targeting the enzyme to the mitochondria, which weakens the capability of MnSOD through mitochondria, leading to the reduction of MnSOD and augmentation of oxygen radicals in mitochondria, ultimately resulting in hepatocellular damage (51) . Another MnSOD polymorphism (C47T, rs4880) has been investigated as a possible susceptible factor in NASH and fibrosis, due to protein-import diminished into mitochondria (52) . More interestingly, the concentration of MnSOD reduced in males with NAFLD, instead of in females, possibly because due to the differing sex hormone levels in different sexes (53). Thereby, the low level of MoSOD in males makes them more susceptible to increase oxidative stress and disease progression. In addition, the presence of the Ala16Vla-MnSOD allele with the G-463A myeloperoxidase variant may be attribute to an excess of hepatic iron accumulation and HCC development, along with the increase of ROS-related oxidative stress and DNA damage (54) .
Cytochrome P4502E1 (CYP4502E1).
CYP4502E1 is an endoplasmic mono-oxygenase and it serves a role in NAFLD. The elicitors such as ethanol, diet and endogenously produced fatty acids, affect CYP4502E1 activation. As a result of incomplete transfer of electrons to molecular oxygen, CYP2450E1 releases superabundant ROS generation that leads to raised oxidative stress in the pathophysiology of NAFLD. With excessive CYP4502E1 activation in the perivenular hepatocytes, the area of hepatocyte injury was the greatest (55) . There are six kinds of restriction fragment length polymorphism in CYP2450E1, and two point mutations of PstI/ RsaI located in 5'-flanking region affect the expression of CYP2450E1 at the level of transcription. It was indicated that the variant of c2 allele makes the CYP2450E1 level increase, which functions by blocking tyrosine phosphorylation of IRS-1 and IRS-2, ultimately resulting in IR and an increased risk of HCC (56) . The CYP4502E1*5B (RsaI, -1053C>T) variant is relevant to the improvement of its transcription and enzyme activity, which increase the generation of ROS in alcoholic cirrhotic patients, but not in NAFDL patients (57) . Consequently, larger cohort studies should be explored in future research to verify and evaluate the effect of the CYP2E1 Pst I/Rsa I polymorphism-associated NAFLD risk.
Iron overload and hemochromatosis (HFE).
Among the candidate factors of oxidative stress, iron is a notable pro-oxidant and acts through the Fenton reaction to generate hydroxyl radicals (58) . Excessive hepatic iron accumulation causes oxidative stress and promotes chronic liver damage in patients with genetic hemochromatosis associated with HFE variants, especially C282Y (rs1800562) and H63D (rs1799945). In mouse, iron-induced inflammatory activation may contribute to the necroinflammation, while the iron-mediated downregulation M2 pathway in macrophages has an impact on fibrogenesis in NASH (58) , which supports for a mechanistic role for iron in NASH. HFE is characterized by the enhanced absorption of dietary iron that results in progressive deposition of metal in the liver. The HFE-knockout mice presented a deficiency of hepatic-intestinal iron and lipid signaling, which enabled them to be subjected to an accelerated progression of injury to fibrosis with diet-induced hepatic lipotoxicity. The mechanism is relevant to reduced hepcidin release leading to elevated iron absorption and deposition, which promotes hepatic IR by disability of glucose clearance and the facilitation of fibrogenesis by ROS generation of hepatic stellate cells (HSCs) (59) . In general, HFE variants are common in white populations: The frequency of the C282Y homozygote, H63D homozygote, H63D/wild-type heterozygote in white populations respectively accounts for 0.44, 2.4 and 24%, while in Asians, this was ~0, 0-1 and 2.6-11%, respectively (60) . In American patients with NAFLD, carriers of the C282Y variant, instead of H63D HFE variant, were associated with hepatocellular iron deposition and lower serum ALT and AST levels than wt/wt subjects, implying that NASH pathogenesis may be independent of mild hepatocellular iron deposition (61) . However, the iron deposition, rather than the HFE mutation, is the key factor in the development of NAFLD, NASH and HCC (62) . Also, β-globin variants are associated with both hepatic iron and fibrosis, and arising rates of iron accumulation are comparatively common in subjects with C282Y HFE hemochromatosis and the beta thalassemia trait. The presence of β-globin variants seems to be related to more severe liver disease. Therefore, routine blood analysis may be conducive to identify the risk of NASH progression in the carriers of the beta thalassemia trait.
Gene polymorphisms in mediators of liver fibrosis
There are countless factors associated with liver fibrosis, including the activation of HSCs and the synthesis and degradation of collagen. Fibrosis is a dynamic process of continuous extracellular matrix (ECM) remodeling. The genes encoding hepatofibrotic and fibrinolytic proteins are candidates for fibrotic progression of NAFLD.
The leakage of endotoxins from the gut, bacterial overgrowth and endotoxemia has been identified as a possible stimulus of NASH. Toll-like receptor 4 (TLR4), a lipopolysaccharide receptor, interacting with endotoxins, which leads to the release of a mass of proinflammatory mediators that induce hepatic injury and fibrogenesis (63, 64) . The importance of TLR4 signaling with Kupffer cells in the pathogenesis of steatohepatitis was verified in mice (65) .
TLR4 in Kupffer cells serve a crucial role in the genesis of NASH via ROS-dependent induction and X-box binding protein 1 activation. Dysregulation of TLR4 signaling as a result of SNPs, alters the ligand binding and balance between pro-and anti-inflammatory cytokines. It was reported that the rs4986790 (D299G) and rs4986791 (T399I) were related to IR, metabolic syndrome and T2DM (66) . Nevertheless, a meta-analysis of 15,059 subjects drew a conclusion that Asp299Gly and Thr399Ile polymorphisms of the TLR4 gene makes no difference with increased risk of T2DM (67) . In a small portion of the general population, Kiziltas et al (68) first revealed in humans that TLR4 signaling is pivotal for the pathogenesis of NASH, and the TLR4 heterozygous gene mutation (Asp299Gly) may have a preventive role against the genesis of NAFLD, which strongly suggests that TLR4 genotypes will be used as probable biomarkers in future clinical trials for developing antagonists and agonists of TLR4 to better manage patients with NAFLD.
Transforming growth factor (TGF)-β1 is another potent inducer of hepatic fibrogenesis. TGF-β1 mediates hepatic fibrosis via activating HSCs with the generation of ECM proteins. TGF-β1 also indirectly act through increasing connective tissue growth factors leading to liver fibrogenesis (69) . In the human TGF-β1 locus, several SNPs have been described previously. Two commonly studied polymorphisms of the TGF-β1 gene are C-509T (rs1800469) and T-869C (rs1800470). The level of TGF-β1 expression resulted from allelic variants are significantly different (70) . In the Egyptian population, the serum TGF-β1 level in hepatocirrhosis patients with the TGF-β1 -509TT genotype were remarkably increased compared with those with CT/CC genotypes, and the -509 T allele carriers were seven-fold more prone to develop liver cirrhosis than -509 C allele carriers (71) , which is in agreement with the study in Italian populations (72) . Additionally, the frequency of T allele is remarkably high in HCV patients, more frequently leading to progression of fibrosis (73) . However, with respect to the T-869C polymorphism associated with HCC, there are some controversial results. The reasons for this large difference in risk in different studies is unknown.
Gene polymorphisms in mediators of related cytokines
TNF-α. TNF-α is a cytokine induced by macrophages and others cells (such as adipocytes and hepatocytes) with comprehensive functionality in metabolic regulation, inflammation and tumor apoptosis. Now, enhanced TNF-α expression has been demonstrated in NASH/NAFLD, and is therefore regarded as a risk biomarker of disease progression. TNF-α blocks IRS signaling and induces IR by triggering IkB kinase-β (IKK-β), the upstream activator of NF-κB, and other critical intracellular kinases, such as JNK activation. In animal models of genetic and diet-induced obesity, an improvement of NASH and IR were attained by various strategies targeting blockade of TNF-α activity. The TNF-α -238 promoter polymorphism was identified a higher prevalence in patients with NAFLD, and the -863 variant was in relation to the decrease of TNF-α concentration (74) . Furthermore, lower LDL-cholesterol, BMI and susceptibility of NASH in Mexican and Chinese cohorts were observed in association with the -238 polymorphism. However, frequencies of variants -1031C and -863A were more prevalent in subjects with NASH in a different study (75) . A meta-analysis evaluating polymorphisms in TNF-α confirmed the relationship of the -238 polymorphism with NAFLD, whereas the -308 polymorphism was not determined as a susceptible factor (76) . Additionally, TNF-α G-308A, G-238A and C-863A polymorphisms are also related to HCC in Asians populations (77) . It is still unclear whether, and certainly which, TNF-α polymorphism is relevant to the development of NASH. Further studies are in progress to focus on replicating results larger cohorts and different populations.
Interleukin (IL)-6. IL-6 is a cytokine involved controlling the balance between proinflammatory and anti-inflammatory pathways. The IL-6 gene is located on chromosome 7p21, and the -174 polymorphism of the IL-6 gene promoter is described to be in linkage disequilibrium with other commonly studied makers of inflammation. The G-174C of IL-6 gene polymorphism has been reported to relate to its transcription rate and the development of T2DM. In children with obesity, BMI, middle upper arm circumference, tricipital skin-fold thickness and serum albumin levels were demonstrated to have a correlation with the CC allele carriers of IL-6 gene (78) . Moreover, the IL-6 -174C variant is more frequent in NASH individuals than that in cohorts with NAFLD. However, its possible role in NAFLD has not been fully studied. Currently, the presence of the GG genotype was observed to be in high frequency in HCV-related chronic hepatitis, liver cirrhosis and HCC (79) . The variant predisposes to produce higher levels of IL-6 that contributes to the progression of HCC. In addition, the IL-6 receptor SNP (rs6684439) in Chinese patients with HBV is related to a lower risk of HCC (80) , because of decreased levels of circulating sIL-6R.
Conclusions
NAFLD is the most common chronic liver disease that influences mortality. It is becoming a public health problem, especially the common progressive types of NAFLD, which ultimately progress to HCC. Patients with NAFLD frequently suffer from metabolic syndrome (81) . The occurrence of NAFLD caused by many factors involving an overwhelmingly complex pathophysiological process and the joint action of multiple mechanisms. Ethnic background, gender, age and geographic location influence the results varied widely. The function of gene polymorphisms, which implicate IR, fatty acid metabolism, oxidative stress and hepatofibrogenesis, are reflected in every part of the pathogenesis of NAFLD. Therefore, obesity, impairment of glucose homeostasis and genetic influences are deemed as important pathogenic contributors in the advancing of NAFLD and NASH. The molecular mechanisms of oxidative stress, lipotoxicity and abnormal adipocytokine release caused by gene polymorphisms in NAFLD/NASH, have been gradually elucidated. It is of great significance for developing effective strategies in the future. However, due to the complexity and limitation of gene polymorphism research on NAFLD, most studies meet with the absence of statistical power, replication in various cohorts, well-matched samples and the presence of heterogeneities in disease stages, thus, researchers still do not completely understand the physiopathological mechanism of NAFLD caused by gene polymorphisms. This makes the research on NAFLD gene polymorphisms be filled with unknown and challenges. With the technological development and applications of disease gene location, the authors believe that a further breakthrough through studying NAFLD gene polymorphisms will be achieved to help identify an effective treatment for NAFLD.
